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Abstract 
Travel time of emergency vehicle is an important parameter in emergency rescue. This paper established a travel time 
estimation model for emergency vehicles under preemption control conditions. Three levels of preemption control strategies, 
including path preemption, intersection preemption, and section preemption have been developed in the model. Section 
clearance time, which is the critical component of travel time, is formulated based on function of roads, traffic volume, 
number of lanes and mean travel speed of general traffic. In order to improve the accuracy of prediction of travel time and 
preemption control, real-time updated vehicle based location information is considered to estimate the travel time dynamically. 
A variety of simulations and Taicang Speedy Ambulance First-aid Emergency Rescue Operation Supporting (SAFER) 
System were established to test the model. Verification results indicate that the model can accurately estimate the travel time 
of emergency vehicles. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
transportation agencies, especially in emergency conditions. Nowadays, there have been several projects and 
research efforts conducted globally to address preemption control of emergency vehicles. Cooperation by 
communication among vehicles and between vehicles and infrastructures is one of the methods today. In the 
province of emergency traffic management support, developed country such as USA (2012), Europe (2012) and 
Japan (2012) initialed earlier. Existing signal preemption methods are in general classified into several categories 
depending on the technologies used for detecting emergency vehicles, i.e., optical, infrared light, acoustic, special 
types of loop detection, and GPS-based systems (1999, 2000). To deal with these new emergency vehicle 
preemption control methods, it is quite necessary to establish corresponding emergency vehicle travel time 
estimation model. 
This paper studies the problem of how to estimate travel time of emergency vehicle under preemption control 
condition. Nowadays, methods are developed to reduce travel time and delay of emergency vehicles, improve 
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safety performance of emergency vehicles and avoid the interference of emergency vehicles on other vehicles 
(2003). 
In recent studies, a route-based dynamic strategy was developed for efficient preemption of traffic signals for 
emergency vehicles in real time by Eil Kwon (2003) et. al. And Chuck Louisell (2005) et. al. proposed a simple 
algorithm to estimate emergency vehicle travel time savings based on a field operational. R. Mussa and M. F. 
Selekwa (2004) reported on the development of a transition procedure based on the quadratic optimization 
method aimed at reducing disutility measures to motorists during the transition period. Ali Haghani (2003) et. al. 
concentrated on developing an optimization model for developing flexible dispatching strategies that take 
advantage of available real-time travel time information.  
In travel time estimation field, van Hinsbergen et al. (2007) conducted a broad literature review on the existing 
short- -term travel-time prediction are of 
three major categories: parametric methods (e.g. linear regression, time series models, d
models, Bayesian models, Support Vector Regression), and hybrid integration methods. 
Most of researches cited above focus on emergency preemption control strategies or/and travel time estimation 
model for normal vehicles. However, there is a problem that travel time of emergency vehicle is unable to 
estimate because of the specialties of emergency vehicles. So far, existing related research results, however, are 
far from perfectness in that no adequate attention is paid in a travel time estimation model for emergency vehicles 
under special preemption control method. This study describes a targeted travel time estimation model to support 
the route selection model. Simulations and field experiments calibrated the parameters. 
This paper is organized as follows: 
First part is the introduction of emergency vehicle preemption control method. Second part is the travel time 
estimation model for emergency vehicles. Third part is evaluation of the proposed travel time estimation model 
for emergency vehicles under preemption control through simulators and experiments. Last part is conclusions. 
Emergency Vehicle Preemption Control Strategy 
Three strategies of dealing with the emergency vehicles preemption control problem were summarized in 
newly available information environment including sections preemption control strategy, intersection signal 
preemption control strategy and path preemption control strategy. These strategies will ensure emergency 
vehicles with preemption right of way. By summing up the strategies of emergency vehicles preemption control, 
corresponding travel time estimation model for emergency vehicle is developed.. 
2. Emergency vehicles preemption control strategies  
2.1. Sections preemption control strategy 
When emergency vehicles travel on the sections, sections preemption control strategy can ensure the 
preemption right of way for emergency vehicles. When emergency vehicle is about to enter the section, normal 
vehicles in the section will change into emergency state. Then normal vehicles change lane in a short time to 
clear a lane for emergency vehicles to pass quickly. As a result of clearing lane, this strategy is fit to the sections 
with low volume or multilane sections. Ensuing chapters put forward the traffic evacuation capacity to define 
which sections can apply the sections preemption control strategy.  
2.2. Intersection signal preemption control strategy 
Facing to the emergency vehicle traffic signal preemption control strategy, the core idea is providing a route-
based signal preemption control strategy with the best path selection. Based on sections preemption control 
strategy inductive control is applied to the signal control intersections for emergency vehicles to reduce delay. 
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Clearing a lane on the roads that can apply sections preemption control strategy ensures the preemption of 
emergency vehicles to pass intersection. So sections preemption control strategy is the key technology to 
intersection signal preemption control strategy. Eil Kwon (2003) et. al. proposed an emergency vehicle dynamic 
signal preemption method that involved single/variable point activation and signal recovery procedure. And Soo 
H. Y. (2004) developed a decision support system framework to assess the impacts of advanced traffic signal 
control systems capable of integrating emergency vehicle preemption and transit signal priority operations for 
investment planning purposes and developed selected analytical tools for incorporation into the decision support 
system framework. 
2.3. Path preemption control strategy 
Select the optimal path for emergency vehicles before departure, and then evacuate traffic based on route 
selection. To avoid entering the route of emergency vehicles, send emergency information to each link in the path 
of emergency vehicles by variety method. As there are new methods to cooperate vehicles by communication 
among vehicles and between vehicles and infrastructures, each vehicle on the section will be reminded with little 
delay. In this way, evacuation rate of normal traffic flow can be increased. Path preemption control strategy is of 
benefit to the strategy above by ensuring preemption right of emergency vehicles, and reduces the saturation of 
the route. 
3. Travel time estimation model  
Section clearance time (SCT) is an important parameter that affect travel time and delay of emergency 
vehicles. It stands for the time difference between the moment te at which the normal vehicles in the sections put 
into emergency state to give way to emergency vehicles and the moment tin when the emergency vehicles enter 
t. The shorter section clearance time is, the less influence of emergency vehicles 
on normal traffic is, the smaller abnormal disturbance of emergency on the traffic system, the lower probability 
of secondary congestion developing. To propose an optimal section clearance time based on the conditions of 
section is one of the main cores of the study. The model is based on the following supposition: 
In the urban road system, the difference of traffic characteristics vehicles will become discrete. The traffic 
flow set up from the upper intersection will become discrete and the length of platoon will become long before 
the platoon arrive at the lower intersection. This phenomenon is called platoon dispersion. Previous studies have 
demonstrated that the speeds of vehicles follow Gaussian distributions. 
In the multilane sections, lane-clear speed varies directly with mean time-headway. Lane-clear speed has the 
dimensions of pcu/km·s.  
The lane-change behavior is very fast then the distance of platoon moving in the lane-change period is short, 
so the distance is negligible. Therefore, the section clearance time can be calculated as: 
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In (1), tk is optimal section clearance time. Parameter Vk is current volume of section k. Parameter Lk is length 
of section k. Parameter Nk is the number of lanes in section k. Parameter vk is mean travel speed of normal 
vehicles in section k. Parameter is lane clear influence coefficient that represents the influence of difference 
lane-clear methods on lane clear speed. Its value is defined as 1 when the lane-clear method is changing lane 
from inside lane to outside lane in the two-lane sections. The value is demarcated by following simulation 
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experience. And parameter is the ratio of lane-clear speed to mean time-headway. The value is demarcated by 
following simulation experience. 
The method to calculate the optimal section clearance time tk is getting the ratio of the quantity of vehicles on 
the emergency lane per unit length to lane-clear speed. It is the minimum time needed to clear the emergency 
lane. 
The travel time of emergency vehicle can evaluate the mobility of emergency vehicle. It plays an important 
role in emergency vehicle route choice method. Traffic parameters are detected to estimate the emergency 
vehicle expectancy travel time in this study. The applications and studies of section travel function are the most 
popular method to estimate the emergency vehicle travel time by free flow speed, traffic volume or capacity of 
the section. This study proposed an emergency vehicle travel time estimation model for the emergency vehicle 
preemption control method based on bureau of public roads function (BPR function) (Spies, S. H., 1990). BPR 
function was proposed by FHWA at 1964 in the US (2012). It is the most widely used impedance function in the 
traffic-planning field. In this function, travel time is the nonlinear function using the ratio of traffic volume to 
capacity as the parameter. 
The definition of the public roads function is defined as follows: 
b
k
k
k tC
tVattt 10   (2) 
In (2), tk(t) is emergency vehicle estimated travel time in section k at t. Parameter t0 is the travel time when the 
volume of section k is zero. Parameter Vk(t) is the volume of section k at t. Parameter Ck(t) is the capacity of 
section k at t. Parameter a and b are coefficients whose advised value are a=0.15 and b=4. 
Based on above BPR function, this study built the emergency vehicle travel time estimation model for the 
sections that are applied preemption control method as follows: 
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In the formulation Tk is emergency vehicle estimated travel time in section k. Parameter Vk is current volume 
of section k. Parameter Lk is length of section k. Parameter Nk is the number of lanes in section k. Parameter vk is 
mean travel speed of normal vehicles in section k. Parameter ve is mean travel speed of emergency vehicles. 
Parameter is lane clear influence coefficient. Parameter is the ratio of lane-clear speed to mean time-headway. 
tk is section clearance time of section k. Parameter a and b are coefficients demarcated by following 
simulation experience. Parameter a and b need to be calibrated and localized for each section. 
Particularly, when section clearance tk takes optimal section clearance time there is a formulation as 
follows: 
e
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That is to say if setting the section clearance time to optimal value, travel time of emergency vehicles goes to 
the minimum value. However, the section clearance time is hard to set to such a long period in practical 
application. 
W tk takes zero, that is to say, the emergency vehicle preemption control method is 
disabled there is a formulation as follows:  
b
k
k
k tC
tVattt 10   (5)
 
This formulation is the definition of the public roads function. 
4. Experiments and evaluation 
4.1. Model calibration based on vissim 
This study set up a micro simulation model based on VISSIM to tentatively calibrate the parameters in the 
model. The main processes of simulation are shown as Fig.1. 
 
Fig. 1. Main processes of simulation 
At a random time, the section in the simulator can be changed into emergency state as shown in Fig. 1 (1), and 
(2). When the section was under emergency state, the vehicles on emergency lane changed lane to outside lane to 
clear a lane for the emergency vehicle. Then the emergency vehicle passed the intersection quickly under 
intersection signal control strategy. The former process is shown in Fig. 1 (2, 3, 4, 5). 
With more than 3000 times simulating in 30 hours, we get 420 groups of data. Each group of data contains 15 
pieces of travel time data of emergency vehicles passing the section. The data is shown in Table 1. 
2152   Jiawen Wang et al. /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  2147 – 2158 
Table 1. Simulating data of travel time (Unit: s) 
SCT (s)
Volume(PCU/h) 
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 
0 26.2 29.6 29.6 32.0 34.6 32.6 34.1 36.1 34.8 35.8 36.0 35.0 38.5 38.1 
1 24.9 25.0 28.3 30.4 30.7 30.2 33.0 32.6 34.4 35.9 36.5 35.0 38.3 39.3 
2 24.2 26.1 26.7 31.1 29.0 31.5 34.4 33.5 35.0 36.9 34.3 35.9 34.9 36.1 
3 22.7 25.1 26.4 30.4 26.7 31.2 34.1 33.2 34.0 33.2 35.4 32.1 35.4 35.4 
4 22.2 26.5 27.4 27.9 26.9 26.9 33.0 32.6 35.3 32.9 34.7 30.8 36.2 37.3 
5 22.9 25.9 27.6 26.4 27.7 28.7 32.9 32.1 35.2 32.8 33.7 30.0 35.3 32.2 
6 23.1 26.6 27.9 25.7 30.1 27.9 32.3 31.3 31.4 31.3 32.0 31.6 33.4 34.5 
7 22.7 26.8 26.1 26.7 28.7 27.3 29.5 31.1 33.8 32.0 31.9 29.6 32.3 34.0 
8 22.9 26.0 26.6 24.8 28.4 27.0 30.1 28.7 32.0 30.0 29.9 28.9 29.5 33.5 
9 22.2 24.7 24.3 27.1 27.8 27.1 28.3 28.7 30.5 30.9 29.1 28.9 29.1 32.5 
10 22.7 23.5 23.0 25.9 27.2 25.9 27.3 28.0 29.5 29.6 29.9 29.9 27.2 29.1 
11 22.0 22.8 23.2 24.3 25.6 26.3 25.9 26.5 28.4 28.4 30.6 27.9 27.8 31.8 
12 21.8 22.6 23.0 24.3 25.0 25.4 26.0 26.0 31.5 27.8 29.5 28.9 26.3 29.0 
13 21.9 22.1 23.0 24.7 23.5 25.9 27.5 26.5 27.2 26.0 27.8 26.2 27.0 28.8 
14 21.7 22.9 22.9 22.8 22.6 24.2 25.8 26.0 28.4 26.9 27.0 27.2 26.5 30.0 
15 21.6 22.2 22.9 22.2 24.3 23.1 27.2 25.9 26.1 26.7 27.5 25.5 26.1 27.3 
16 21.6 22.5 22.9 22.3 23.3 24.3 25.3 25.4 27.8 25.5 26.2 26.3 26.5 28.1 
17 21.6 22.4 23.2 23.0 22.7 23.6 24.2 24.5 24.6 27.6 25.2 24.6 26.6 27.9 
18 21.7 21.9 22.4 23.0 23.0 24.0 23.7 23.2 25.7 28.0 24.9 24.2 23.8 27.7 
19 21.6 21.8 22.7 22.9 22.4 22.8 24.3 23.4 24.3 25.0 25.1 23.9 23.5 25.1 
20 21.6 21.8 21.8 23.2 22.4 22.8 23.3 23.6 25.3 24.7 25.2 23.6 24.1 24.1 
21 21.6 21.9 21.9 22.0 23.1 22.6 24.2 22.8 23.9 25.3 24.7 24.3 22.8 23.5 
22 21.6 21.6 21.8 22.5 22.0 23.2 23.0 23.1 23.9 23.9 24.8 23.4 22.3 24.1 
23 21.6 21.6 21.7 21.8 22.0 22.2 22.5 23.3 23.2 23.0 24.4 23.3 22.9 23.2 
24 21.6 21.6 21.8 21.8 21.6 21.9 22.6 22.9 24.1 23.8 22.6 22.4 22.8 22.7 
25 21.6 21.6 21.7 21.8 21.6 22.2 23.0 23.0 23.8 23.1 23.2 23.4 22.5 23.8 
26 21.6 21.6 21.7 21.8 21.6 21.7 22.4 22.1 24.1 23.0 22.9 23.5 22.9 24.2 
27 21.7 21.6 21.6 21.8 21.6 22.0 21.9 21.7 22.6 23.0 22.3 22.3 22.7 22.8 
28 21.6 21.6 21.6 21.8 21.8 21.7 22.2 21.7 22.6 22.8 21.8 22.3 21.9 23.0 
29 21.6 21.6 21.6 21.8 21.7 21.6 22.5 21.7 22.0 22.4 21.9 21.9 21.9 22.3 
30 21.6 21.6 21.6 21.8 21.6 21.7 21.6 21.9 22.1 22.1 22.3 21.9 22.1 22.1 
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The data is analyzed by OriginPro 8 to calibrate the parameters a and b in emergency vehicle travel time 
estimation model by surface fitting. After 1326 iterations the result shown that a=1.96 and b=1.59. The fitting 
result is shown as Table 2. 
Table 2. Emergency vehicle travel time estimation model fitting result summary 
Items Values 
Description NL Fit 
Operation Time 2011/5/6 2:37 
Equation y=500/80*3.6*(1+B*((((v*100)^2*0.5-t*428.57*4*30) /0.5/3000/(v*100))^A)) 
Number of Points 434 
Degrees of Freedom 433 
Reduced Chi-Sqr 283.78212 
Residual Sum  
of Squares 122877.6592 
 
According to the fitting result, the emergency vehicle travel time estimation model for the sections applied the 
preemption method is shown as follows: 
 
59.122
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In this model, parameter  is defined as constant, which is 1 in the case of the vehicles changing lane from 
inside lane to outside lane. Then parameter has the value 428.8 calibrated by the simulation. And its value will 
vary within small amplitude in different cases. The optimal section clearance time curve is shown as Fig. 2 (a) 
with the parameters above. 
In Fig. 2 (a), the background is simulation data surface. The ordinate is section volume and the abscissa is 
section clearance time of the section. Optimal section clearance time function curve is plotted as the yellow curve. 
Curved face of the model is shown in Fig. 2 (b), and Fig. 2 (c, d) are curved face diagrams of fitting results. 
2154   Jiawen Wang et al. /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  2147 – 2158 
 
Fig. 2. Result of surface fitting 
4.2. Validation: Taicang SAFER field experiment system 
With assistance of J+ Traffic, OKI, Tongji University et. al. the Speedy Ambulance First-aid, Emergency, 
Rescue (SAFER) operation supporting system was set up in Taicang, Jiangsu Province, China to evaluation the 
model (2012). This system adopted intersection signal preemption control strategy to reduce the travel time of 
emergency vehicle. Emergency vehicle kept sending GPS data around when it traveled on the path. Detectors in 
intersections received the data and sent it to control center. Then the later adjusted the signal control strategy to 
make emergency vehicle pass the intersection quickly. This process is shown as Fig. 3. 
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Fig. 3. Speedy Ambulance First-aid, Emergency, Rescue (SAFER) Operation Supporting System 
Based on the emergency vehicle preemption control system in Taicang we carried out field experiments in 
different periods of a day. The experiments involved 5 signal control intersections that start with Jinzhong Rd. to 
Banjing Rd., which is shown as Fig. 4. 
 
Fig. 4. Route and course of experiments 
The red line in Fig. 4 (a) shows the test route, and the blue line in Fig. 4 (b) is the track of emergency vehicle 
in 11-4-2011. Test vehicles are shown in Fig. 4 (c), in which the ambulance plays the part of emergency vehicle 
and the yellow Focus plays the part of normal vehicle. Fig. 4 (d) shows a scene that normal vehicle was driving 
close to the emergency vehicle, and warning was given by the system.  
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Steps of the experiments are described as follows: 
Step 1: Record the time when the test vehicle passes the export line of South Taiping Rd.(Pin) and start the 
stopwatch. 
Step 2: Record the stopwatch reading when the test vehicle passes the export line of each road. 
Step 3: Do office work to analyze the travel time of the test vehicle.  
The experiments were carried out at 4-11-2011 to 4-14-2011. At 4-11 and 4-12 experiments under preemption 
control method were carried out. At 4-13 and 4-14 experiments under normal environment were carried out. 
Lower traffic density case (10 am ~1 pm), middle traffic density case (12am ~ 3 pm) and higher traffic density 
case (2 pm ~ 5 pm) were recorded respectively. 
At the same time, volume data of South Shanghai Rd. was acquired from Apr. 11 to Apr. 14 to calculate the 
theoretical travel time. 
 
Fig. 5. Model evaluation statistical result 
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Theoretical travel time under preemption control conditions was calculated in terms of the models with the 
input data that is same as sample data (see Table 3). The result is shown in Fig. 5 (a, b). Fig. 5(a) is result in the 
morning peak and the afternoon peak on April 11 and (b) is result in the morning peak and the afternoon peak on 
April 12. Clearly, in preemption control conditions methods yield fairly good results in data of two days. For 
example, as shown in Fig. 5 (a), the theoretical travel time tracks closely the observed travel time across the study 
period and most of the observed travel times are close to the theoretical travel time tracks. 
Table 3. Input data for model evaluation 2011/4/12,10:44:18  
Mean Travel Speed of Emergency Vehicles Mean Travel Speed of Normal Vehicles Ratio of Lane-clear Speed Section Capacity 
50 km/h 30 km/h 428.8 4500 PCU/h 
Section Name Section Length Section Volume Section Clearance Time 
Jinzhou Rd. to Liuzhou Rd. 227m 835 PCU/h 8s 
Liuzhou Rd to Dongcang Rd. 418m 742 PCU/h 8s 
Dongcang Rd. to Yangzhou Rd. 242m 768 PCU/h 8s 
Yangzhou Rd. to Banjing Rd. 347m 721 PCU/h 8s 
 
Comparison between travel time of experiments under preemption control condition and estimation model 
shows that estimation travel time agreed well with observed travel time. Table 4 shows the MEs, MAEs, MAPEs, 
and MAPEs of the model in predicting the morning and afternoon peak-hour travel times of the selected 
weekdays in April, 2011. 
Table 4. Error analysis  
Item ME(s) MAE(s) MPE(%) MAPE(%) 
Errors -15.22 252.6 -0.628 10.4 
5. Conclusions 
The primary objective of this paper is to develop an effective and robust travel time estimation model for 
emergency vehicle preemption control method to provide accurate and reliable travel time estimation for 
emergency vehicles under preemption control conditions. It can be used in emergency traffic preemption control 
areas. This study builds an emergency traffic preemption control system with models and verification. According 
to the analysis of the basic properties of the emergency vehicles, this study realized emergency vehicle 
preemption control method, and introduced the methods of emergency vehicle preemption control in each stage. 
Then model for estimating travel time of emergency vehicles was created. VISSIM software is used to conduct 
the emergency vehicle preemption control simulation experiments. With a lot of simulations, sufficient data have 
been obtained to analyze, then demarcated the parameters of model.  
Taicang Speedy Ambulance First-aid Emergency Rescue Operation Supporting (SAFER) System was 
established to prove the model. This study obtained a lot of field experimental data to testify validity of the model. 
The results show that estimation travel time agreed well with observed travel time. 
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